Measurements of the concentration of osmotically active solutes in the urine of dehydrated infants have demonstrated a gradual increase from birth through the first weeks of life, with adult levels being attained only after several months (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
The minimal response noted in infants to administration of vasopressin has led many observers (2, 5, 8, 11, 12) to the conclusion that due to immaturity the renal tubules are relatively insensitive to antidiuretic hormone (ADH). However, failure to observe a decrease in rate of urine flow or an increase in urine osmolality in response to vasopressin cannot be interpreted simply as resistance to the hormone per se, since other aspects of the concentrating mechanism, quite distinct from the role of ADH (14) (15) (16) , must also be taken into consideration. These include the concentration of sodium in renal tissue along an osmotic gradient from cortex to medulla by active sodium transport in Henle's loop, and maintenance of this gradient, despite the medullary blood flow, through the orientation of the postglomerular capillaries which perform as countercurrent exchangers.
The length of the loop of Henle in its function as a countercurrent multiplier is of considerable importance. The length of this segment in various species correlates well with maximal concentrating performance. It is short in early infancy and increases in length with advancing age (17) .
The special role of urea in the concentrating process has been emphasized by Berliner, Levin-* Presented in part at the Annual Meeting of the American Physiological Society, Atlantic City, N. J., April 16, 1959 sky, Davidson and Eden (14) and by SchmidtNielsen and O'Dell (18, 19) . Protein or urea added to the diet of adults has been shown by Epstein, Kleeman, Pursel and Hendrikx (20) to produce a significant increase in maximal urine osmolality at low rates of urine flow during hydropenia and in the maximal rate of reabsorption of free water (TmCH11O) during mannitol diuresis.
In rats fed urea, Crawford, Doyle and Probst (21) have demonstrated production of smaller daily urine volumes and higher concentrations of both urea and nonurea solutes than in rats treated similarly but not fed urea.
In observations in adults, Epstein and associates (22) and De Wardener and Herxheimer (23) have shown that the response to dehydration and vasopressin administration, as measured by maximal urine osmolality, decreases markedly following several days of forced drinking.
In the present investigation the effects of various levels of intake of protein, urea, sodium chloride, and water on the concentrating mechanism of young full-term and prematurely born infants were examined.
METHODS
Observations were made on full-term and prematurely born infants whose ages and weights are indicated in The diet of Group 3 was constant except for water content, providing a low volume prior to the first and high volume prior to the second observation.
The observations were arranged so that any increase in concentrating performance that might result from greater maturity with increasing age would be opposite to the effect expected from the particular diet. The infants were thirsted and fasted uniformly for 12 to 14 hours prior to each observation.
For the determination of maximal concentrating performance at low rates of urine flow, several timed urine specimens were obtained at the beginning of each observation, the infants being disturbed as little as possible. In order to obviate the introduction of a painful stimulus, which has been shown in infants to influence both glomerular filtration rate (GFR) and ADH release, vasopressin was not administered during the initial observation periods. However, it has been demonstrated repeatedly that vasopressin does not augment the maximal ADH effect resulting from dehydration. Following the initial collection periods, a majority of subjects was given a saline infusion and priming injection containing inulin, para-aminohippurate (PAH), and vasopressin. (Figures 1, 2 and 3, Tables 1-2 and II-2) . Results in these infants were similar to those in the first group. Values for maximal urine osmolality, maximal U/P osmolal ratio, and Tmcu9o were consistently greater during hydropenia in infants given high protein feeding. In one 25 day old infant, the concentration of osmotically active urinary solutes was as high as 1,139 mOsm per kg. The decrease in maximal urine osmolality observed after low protein feeding paralleled the decrease in urine urea content.
Group 2A: Effect of adding urea or sodilun chloride to the diet (Table I-2A) . In one premature infant, the addition of urea to the diet, in an amount calculated to provide a rate of urea excretion comparable to that observed during high protein feeding, resulted in changes in concentrating performance similar to those observed following diets of high protein. As in the first and second group of infants, the rate of excretion of urea, the blood urea nitrogen concentration, and the urine urea nitrogen concentration were greater following ingestion of the diet with urea supplement.
The addition of sodium chloride to a basal diet in place of urea as a solute load was studied in one infant. Rates of excretion of total and nonurea solute were greater following sodium chloride supplementation, although the increases were slight and not as great as those after urea supplementation. However, maximal urine osmolality and U/P osmolal ratio were lower following ingestion of the diet with added salt.
Effect of acute urea loading (Figure 4) . Ad urinary solute. Nevertheless, these infants did demonstrate an increase in the ratio of urea to nonurea solute. In several infants, increases in both rates of urine flow and of solute excretion were noted, accompanied by an increase in concentration of total urinary solutes. Increases in rates of solute excretion with urea loading were found to be the result primarily of increases in rates of turea excretion, since the increase in urine osmolality was almost exclusively in the urea fraction. (30) . However, independent of standards of reference, the infant excretes a considerably smaller percentage of the nitrogen of his diet than does the adult, due to a strongly anabolic state. In addition, in the very young infant the percentage of total nitrogen excreted as urea is lower than in the adult, due mainly to excretion of a larger proportion of nitrogen in the form of amino acids and ammonia (31, 32) .
In the present observations, infants fed high protein diets demonstrated a consistently increased concentrating performance following water deprivation when compared withl infants fed low protein diets. These findings in infants are in agreement with those reported in adults by Epstein and co-workers (20) . In Group 2, values for Posm were consistently greater following high protein intake, suggesting that the higher values for urinary osmolality observed may have resulted in part from a greater degree of dehydration or ADH release. As discussed earlier, however, it is believed that the experimental conditions resulted in all instances in maximal ADH release; analysis of body weight loss following dehydration indicated no differences with the various dietary regimens. Measurement of the osmotically active constituents of the urine, separated into urea and nonurea solute, showed that the decrease in urine osmolality from the first to the second observation was due primarily to a decrease in concentration of urea, resulting from a decrease in the rate of urea excretion, with no major change in concentration of nonurea solutes. The decrease in rate of urea excretion was due principally to the decreased concentration of blood urea nitrogen, rather than to changes in GFR or in rates of urea clearance, although decreases in the latter associated with lower rates of urine flow were observed in the second group of infants with low protein feeding.
Osmolal clearances were greater during the observations preceded by high protein feeding. Despite this presumably greater volume of isotonic fluid delivered to the concentrating site and the increased solute load, urine osmolality and urine U/P osmolal ratio were increased, suggesting (33) an enhanced rate of reabsorption of water in the collecting tubule (TCH2o). Addition of urea to the diet, in place of protein, resulted in similar findings, indicating further that the increased concentrating performance observed following high protein feeding most likely resulted simply from the provision of additional urea for excretion.
When sodium chloride was added to the diet for several days as an osmotic load in place of increased protein or urea, the osmolal clearance was greater than that on the same diet without added salt. However, the maximal urinary osmolality and the U/P osmolal ratio in response to dehydration were decreased.
Thus the unique action of urea as a urinary solute, originally suggested by Gamble and associates (34, 35) and recently confirmed by Crawford and co-workers (21) and others (19, 20, 36-38) can be demonstrated in infants.
Epstein and co-workers (20) found in adults that acute urea loading had no effect on maximal urine osmolality or Tmce2O and concluded that the effect of chronic administration of protein or urea was achieved by promoting an adaptive response by the renal tubules. In the present study similar results were obtained in infants given low or intermediate urea loads. However, these data are interpreted as showing that the effect of urea can be demonstrated not only after chronic administration but also with acute loading, since it would be expected a priori that the osmotic diuresis resulting from acute urea loading would be accompanied by a decrease in urinary osmolality (33), which did not occur. The demonstration in several infants of unchanged urine osmolality following urea loading, despite increased rates of solute excretion and urine flow, indicates an enhanced rate of reabsorption of water in the concentrating site. Furthermore, in three subjects an increase in urine osmolality following urea loading was observed, as recently reported in adults by Levinsky and Berliner (39) , adding to the evidence supporting the unique role of urea.
The feeding schedule of the young infant, providing nourishment every 3 to 4 hours during the newborn, period and allowing neither fasting nor thirsting for a period of more than 6 to 8 hours during the remainder of early infancy, contrasts markedly with the feeding schedule of the adult, in which complete thirsting and fasting commonly occur for 12 or more hours each day. The daily intake of fluid and the rate of turnover of body water is large in the infant when compared with the adult. In the present investigation the importance of fluid intake on the urinary concentrating performance in infants was demonstrated. Lower rates of urine flow and higher values for urinary osmolality were observed during dehydration following diets of low volume, similar to the findings previously reported in adults (22, 23 1. Observations were made of the effects of various levels of intake of protein, urea, sodium chloride, and water on the concentrating mechanism of young full-term and prematurely born infants.
2. In terms of current concepts of renal concentrating mechanisms, the failure of the young infant consistently to produce urine as hypertonic to plasma as that seen in the adult appears to be explained best, not by differences in tubular permeability to water in response to antidiuretic hormone, but rather through differences in diet and metabolism of protein, and most likely through differences in other mechanisms involved in the production of an area of interstitial hypertonicity around the collecting tubule.
3. The young infant normally receives a diet high in protein content. However, by virtue of his strongly anabolic state, as well as the form utilized for urinary nitrogen, little urea is available for excretion. High protein intake, or supplementation of the diet with urea, provides a significantly increased amount of urea for excretion, and results during hydropenia in a greatly increased urinary osmolality and urine urea concentration.
4. The usual infant diet provides a large intake of water. Ingestion of a diet with low water content results in increased urinary osmolality in response to dehydration. 5 . Values for net reabsorption of osmotically free water in infants approach those seen in adults, indicating no difference in the effect ot antidiuretic hormone on the permeability of the collecting tubule to water.
